A determination was made of the average valence of bismuth in the Bi-Sr-Ca-Cu-O superconductor using the o-tolidine spectrophotometric method to lessen the amount of sample required. The chlorine liberated by a reaction between Bi(V) and hydrochloric acid was stoichiometrically equivalent to Bi(V) in the sample. Bi(V) was determined over the range of 0.01-0.10 mg based on the absorbance observed with the oxidant of o-tolidine. The total bismuth was determined by spectrophotometry after the extraction of Bi(III) with Zephiramine and iodide ions into chloroform. By a Bi(V) determination with o-tolidine, the amount of consumed sample could be decreased down 0.5 mg. Although Cu(III) did not hinder the determination of Bi(V), Pb(IV) did. In the 2212 Bi-Sr-Ca-Cu-O sample having a high T~ of 90 K, the average valences of bismuth was confirmed to be from 3.12 to 3.17.
The properties of superconducting materials containing bismuth were studied.'-3 Bi, Cu and Pb differ in charge, depending on the preparation conditions for superconductors. The oxidation states of metals in high-Ta superconducting materials are closely related to the property of superconductivity. [4] [5] [6] The average valence of metals or the oxygen deficiency of the superconductors should thus be determined. Determining the valence of bismuth can be done by iodometry7, coulometric titration8, ferrous-chromate titration9, the chlorine-generation method 10, X-ray photoemission spectroscopy'', and from the X-ray absorption near-edge spectra. 12 The authors previously reported on permanganate spectrophotometry for this purpose. 13 These methods require large amounts of samples. Although superconductor samples are expensive, they must be available in large amounts in order to examine their properties, except for the average valence. This paper reports on an improved method using o-tolidine in place of potassium iodide. The sample amount (2212 Bi-Sr-Ca-Cu-O superconductor) was decreased to 0.5 mg from 0.9 mg in the conventional method. 13
Experimental

Apparatus and reagents
A Shimadzu (Model UV-2100S) spectrophotometer was used to measure the absorbance. A Sartorius micro balance, sensitive above 0.001 mg, was used to weigh the samples and NaBiO3. The device shown in Fig. 1 
Procedure
A weighed sample (0.05 -0.10 mg as NaBiO3) is taken into a flask (C12 generation tube, A in Fig. 1 ). Then, 5 ml of a 1.0 M HC1 solution is gently added to the flask from funnel B in Fig. 1 . The solution is allowed to stand for 20 min with bubbling of N2 gas. The generated Cl2 is trapped in 10 ml 0.003% o-tolidine (D in Fig. 1 ) by N2 transport. The absorbance of the o-tolidine solution is measured at 435 nm against distilled water so as to estimate any Bi(V). On the other hand, with completion of Cl2 generation, 1 g of KI is added to a solution containing Bi(III) in the Cl2 generation tube. The KI solution is diluted to 15 ml with distilled water. An aliquot of this solution (5 ml) is taken into a separatory funnel. Then, 10 ml of a 0.2% Zephiramine solution and 10 ml of chloroform are added to the KI solution in the separatory funnel followed by shaking for 2 min in oreder to extract total bismuth as Zeph+BiI4 ion pairs. The absorbance of the extract is measured at 492 nm against distilled water.
Sample preparation
The Bi-Sr-Ca-Cu-O samples were prepared by solidstate reaction and coprecipitation methods. 19 Results and Discussion
Effects of the HC1 concentration
The sample must initially be dissolved in an HCI solution. The effects of the HC1 concentration were thus examined. As shown in Fig. 2 , excess HC1 decreased the absorbance of the oxidant of o-tolidine. The liberated Cl2 was shown not to be sufficiently separeted from the high-concentration HC1 medium owing to the formation of Cl3-ions (Eq. (3)), Effect of the N2 gas flow rate The effects of the N2 gas-flow rate and N2 bubbling time on the trasport of Cl2 were examined. The liberated C12 was carried to an absorbent containing otolidine by N2 bubbling. C12 was effectively transported at a gas-flow rate greater than 1.0 mi/min of N2 during 20 min of bubbling. A long bubbling time decreased Flow other the absorbance of the absorbent containing o-tolidine ( Fig. 3 ) due to the formation of a colorless compound.l' The optimal bubbling time was considered to be 20 min in subsequent experiments.
Effects of the o-tolidine concentration
Colorless o-tolidine was oxidized with Cl2 in an acidic medium to form a yellow compound with a maximum absorption at 410 nm. The absorbance was constant above 0.001% o-tolidine, as shown in Fig. 4 . The yellow compound turned red at a low concentration of otolidine.la, 15 The reaction was as follows:
The original yellow color was resumed by the addition of a sufficient amount of o-tolidine. Thus, 0.003% was the optimal o-tolidine concentration.
The reaction between C12 and o-tolidine has been used to determine C12. The optimal concentration of o-tolidine thus varies according to Cl2 in the sample. For superconductor samples, the Cl2 liberated by Bi(V) is very low.
Effects of the pH of the o-tolidine solution
The pH of the o-tolidine solution remarkably affects the absorbance by a reaction between o-tolidine and C12. The absorbance reached a maximum at pH 1.5 -2.5, as shown in Fig. 5 . Above pH 2.5, the absorbance decreased with increasing pH, because a complex having maximum absorptions at 365 and 630 nm was formed. There was no absorption at 435 nm. The o-tolidine solution was blue due to the complex formed at low concentration of hydrogen ions.
The blue complex was a quinhydrone, as shown below.16
The volume of o-tolidine required to absorb Cl2 quantitatively was determined. Cl2 was sufficiently absorbed above 8 ml of the o-tolidine solution. The efficiency of absorption was confirmed based on C12 in N2 gas bubbled through the o-tolidine solution. Thus, 10 ml of the o-tolidine solution at pH 2 was used as the absorbent solution.
Effects of reaction temperature
The reaction between Cl2 and o-tolidine decreased below 20° C. The oxidant of o-tolidine decreased above 30° C because the species was unstable ( Fig. 6) . At high temperature, condensed drops of HCl hindered the transport of Cl2 on the wall of the generator tube (A in Fig. 1 ). The reaction temperature was thus kept at 25° C by a water bath.
Calibration curves
Calibration curves were obtained under the optimal conditions. Exactly weighed NaBi03 was used as the standard sample of Bi(V), and was 97% pure. The NaBiO3 contained Bi(III) as an impurity. The standard sample was used after a correction. The calibration curves were linear at 0.02 -0.10 mg. No lines passed through the origin due to the dissolution of C12 in an HCl solution and adsorption of C12 on the wall of the vessel. Bi(V) could be determined at as little as 0.01 mg based on the calibration curves. The calibration curve for the total bismuth was obtained by the conventional method. The total bismuth was extracted into chloroform as Zeph+BiI4, and determined based on the absorbance at 492 nm against distilled water.13 This curve was linear throughout the range of 0 -1.3 mg. The range for the total bismuth determination was 0.08 to 1.3 mg, and the coefficient of the correlation was 0.9998.
Effects of diverse ions
The Cu(III) usally present in high-Ta oxide superconductors did not oxidize the chloride ions. Other ions (Sr(II), Ca(II), Cu(II)) did not hinder with the determination of Bi(V) in the 2212 Bi-Sr-Ca-Cu-O sample. Cl2 was generated with Pb(IV), Tl(III), Pr(IV), Ce(IV) and Sb(V). The superconductor of the Bi system may possibly contain Pb ions as Bi(2_n)PbfSr2Ca1Cu2OX. If so, the average valence of bismuth would not be estimatable.
Analysis of a Bi-Sr-Ca-Cu-O sample
The average valence (P) of bismuth in Bi-Sr-Ca-Cu-O samples was determined to be as follows:
Five sample determinations were made in order tc obtain the average value. The results are given in Table 1 , and agree with those of the conventional method. In conclusion, the amount of sample for the determination of the bismuth valence was only 0.5 m~ for one measurement of bismuth in the sample. The amount consumed by the conventional chlorine gener-ation method is about 100 mg, since chlorine must be determined by titration.10 Spectrophotometry using potassium iodide in place of o-tolidine to determine chlorine was inferior to the proposed method regarding reproducibility.
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